Evaluation of Resin Sealer Penetration of Dentin Following Different Final Rinses for Endodontic Irrigation Using Confocal Laser Scanning Microscopy by Abusteit, Omar Ezzaldin
Medical University of South Carolina 
MEDICA 
MUSC Theses and Dissertations 
2016 
Evaluation of Resin Sealer Penetration of Dentin Following 
Different Final Rinses for Endodontic Irrigation Using Confocal 
Laser Scanning Microscopy 
Omar Ezzaldin Abusteit 
Medical University of South Carolina 
Follow this and additional works at: https://medica-musc.researchcommons.org/theses 
Recommended Citation 
Abusteit, Omar Ezzaldin, "Evaluation of Resin Sealer Penetration of Dentin Following Different Final Rinses 
for Endodontic Irrigation Using Confocal Laser Scanning Microscopy" (2016). MUSC Theses and 
Dissertations. 12. 
https://medica-musc.researchcommons.org/theses/12 
This Thesis is brought to you for free and open access by MEDICA. It has been accepted for inclusion in MUSC 











 Endodontic Irrigation………………………………….……………….1 
 Interactions of Irrigating Solutions……….…………………………..2 
 New Final Rinses…………………………..……..……………..….....3 
 Confocal Laser Scanning Microscopy in Endodontics………..……4 
  
MATERIALS AND METHODS…………………………………………...…...5 
 Sample Size and Collection…….………………………………...…...5 
 Chemomechanical Preparation………………………………………..6 
 Randomization and Final Rinse Application………………………....6 




DISCUSSION AND CONCLUSIONS………...……………………………..14 






 I would like to express my deepest appreciation to my mom and dad, it 
would not be possible for me to pursue my educational journey without their 
unconditional love and support. To my wife, Reem, for always having my back, 
and for her sincere love, support and sacrifice for me and our family. To my sister, 
Nayera, for her unending encouragement and motivation. A special dedication 
goes to the loving memory of my brother, Ahmed Abusteit, his legacy will always 
be cherished in my heart.  
I will always be grateful to my mentor, Dr. Marc Levitan for his invaluable 
guidance. His trust and belief in me, made all of this possible. I send many thanks 
to Dr. Joe Assad, Dr. Bob Bethea and Dr. Tim Rohde for their positive impact on 
me, personally and professionally throughout my residency. 
Thanks are given to the American Association of Endodontists Foundation 
(AAE Foundation) for their generosity funding this study, and the Cell & Molecular 
Imaging Shared Resource, Hollings Cancer Center, Medical University of South 
Carolina (P30 CA138313), for giving me access to microscopy facilities. The 
author also would like to express gratitude to Abby Lauer, MS, for her statistical 








OMAR EZZALDIN ABUSTEIT. Evaluation of Resin Sealer Penetration of Dentin 
Following Different Final Rinses for Endodontic Irrigation Using Confocal Laser 
Scanning Microscopy. (Under the direction of DR. MARC LEVITAN). 
Abstract 
Introduction: The aim of the study was to directly assess the depth of 
sealer penetration into dentinal tubules following different final rinses and indirectly 
evaluate precipitation of irrigating solutions. 
 
Materials and Methods: 52 extracted maxillary incisors were prepared to 
size 40/04 crown down with 6% sodium hypochlorite irrigating solution. Teeth were 
randomly divided into 4 groups (n=13) according to the final rinse. Group 1- 17% 
EDTA, saline and 2% Chlorhexidine solution; Group 2- SmearOFF™; Group 3- 
QMix®; Group 4- control with saline. Each final rinse was 3 ml over 1 minute placed 
with a 30-gauge needle 3 mm short from working length. Obturation with gutta 
percha and resin sealer mixed with rhodamine B isothiocyanate fluorescent dye 
using warm vertical compaction. Teeth were sectioned into apical, middle and 
coronal thirds using Buehler diamond saw at 3, 6 and 9 mm from the apex. 
Sections were examined under confocal laser scanning microscopy and images 
were exported to ImageJ software to measure the maximum depth of sealer 
penetration circumferentially. 
 
Results: Data were analyzed using a generalized linear model and Post 
hoc multiple comparisons with significance set at P < .05. Group 3 had the highest 
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mean depth of penetration. There were statistically significant differences in sealer 
penetration between Group 2 and the control for all sections (apical, middle, and 
coronal), between Group 3 and the control for all sections, and, lastly, between 
Group 1 and the control in the apical section only. 
 
Conclusions: Recently developed endodontic final rinses SmearOFF™ 
and QMix® produced more patent dentinal tubules and better sealer penetration 





















Thorough chemo-mechanical preparation of the root canal system is of 
paramount importance for the success of the non-surgical endodontic therapy (1). 
This can be adequately achieved through mechanical instrumentation and the use 
of chemical irrigating solutions such as sodium hypochlorite (2-3). Sodium 
hypochlorite is a broad-spectrum antimicrobial agent that has been proven to be 
effective against bacteria, bacteriophages, spores, yeasts, and viruses (4). It has 
tissue dissolution capacity, ability to remove the organic part of the smear layer 
(5), and it can act as a lubricant for endodontic instruments (6). Therefore, sodium 
hypochlorite is the most commonly used primary endodontic irrigating solution 
among endodontists of the American Association of Endodontists (7). 
    However, it has been recognized that root canal instrumentation produces 
a smear layer that covers the surfaces of prepared canal walls. This layer contains 
inorganic and organic substances which may be infected and harbor bacteria in 
dentinal tubules (8). A final rinse of a chelating agent has been recommended 
following sodium hypochlorite to remove the inorganic part of the smear layer 
resulting in its complete removal and improving the fluid-tight seal of the root canal 
system (9). 
 Ethylenediaminetetraacetic acid (EDTA) is a calcium chelating agent which 
was introduced to endodontics by Nygaard-Østby in 1957 for negotiating calcified 
canals (10). Çalt and Serper, highlighted the erosive effect of EDTA on peritubular and 
intratubular dentin when used for extended period of time (11). Accordingly, brief 
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application of EDTA is recommended. It has been shown that efficient removal of the 
smear layer is accomplished with a final rinse of 1 ml of 17% EDTA for 1 min, 
followed by 3 ml of 5.25% sodium hypochlorite (12). 
 The use of chlorhexidine gluconate as a final rinse was suggested in the 
endodontic literature as an adjunct antimicrobial agent (13). Chlorhexidine 
gluconate is a cationic bisbiguanide agent that causes bacterial cell wall lysis, and 
has substantivity property by which its antimicrobial action can be extended in 
addition to its low cytotoxicity. Moreover, chlorhexidine is a matrix 
metalloproteinase inhibitor which aids in preserving the hybrid layer, a critical 
structure for resin bonding to dentin (14). Despite the mentioned benefits of 
chlorhexidine, it cannot be advocated as the main irrigating solution in endodontic 
therapy, because it is unable to dissolve necrotic tissue remnants (15), and is less 
effective against Gram-negative bacteria compared to sodium hypochlorite (16). 
 
Interactions of Irrigating Solutions  
 Different final rinses can be applied for endodontic irrigation. Due diligence 
should be exercised when handling these solutions due to various interactions. 
Antagonistic interactions include the loss of free available chlorine for sodium 
hypochlorite when in contact with EDTA, which consequently reduces the tissue 
dissolution capability and to a lesser extent antimicrobial activities (17). When 
chlorhexidine and sodium hypochlorite are mixed, a brown precipitate forms that 
can present detrimental consequences for endodontic treatment, including a risk 
of discoloration and potential leaching of unidentified chemicals into the 
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periradicular tissues (17). On the other hand, the combination of chlorhexidine and 
EDTA produces a white precipitating salt (18). In addition to the chemical 
interactions, mixing sodium hypochlorite and EDTA can affect the structural 
integrity of dentin. It has been shown that even short-term irrigation with 
hypochlorite after EDTA at the end of chemomechanical preparation causes strong 
erosion of the canal-wall surface dentin (19). Therefore, a rinse with saline or 
distilled water has been suggested between endodontic irrigating solutions to 
minimize their interaction (20). 
 
New Final Rinses 
 SmearOFF™ (Vista Dental Products, Racine, WI) and QMix® (DENTSPLY 
Tulsa Dental, Tulsa, OK) are endodontic final rinses recently introduced to the 
market. Their formulation is based on the same principle, which is combining a 
chelating agent similar to EDTA and a bisbiguanide antimicrobial agent similar to 
chlorhexidine in one bottle. Their intended benefits are achieving deeper 
disinfection and efficient smear layer removal in comparison to the use of EDTA 
and chlorhexidine sequentially. Studies have demonstrated the antibacterial action 
and ability to remove debris and smear layer from the root canal system with QMix 
(21-22). However, to our knowledge, research on SmearOFF is limited to 
independent lab testing (23). It is noteworthy that both products have different 
manufacturer’s instructions for application. SmearOFF is a one-step final rinse and 
the manufacturer claims that it is safe to use with sodium hypochlorite inside the 
root canal without precipitation (23). QMix is a two-step final rinse, and its 
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recommended application requires a saline or distilled water rinse prior to its 
application (24). 
 
Confocal Laser Scanning Microscopy in Endodontics 
 The mechanism of imaging of the confocal laser scanning microscope 
depends on the light emitted by the laser system (excitation source) passing 
through a pinhole aperture that is situated in a conjugate plane (confocal) with a 
scanning point on the specimen and a second pinhole aperture positioned in front 
of the detector (a photomultiplier tube). As the laser is reflected by a dichromatic 
mirror and scanned across the specimen in a defined focal plane, secondary 
fluorescence emitted from points on the specimen (in the same focal plane) pass 
back through the dichromatic mirror and are focused as a confocal point at the 
detector pinhole aperture (25). Images are then collected pixel-by-pixel by a 
computer software for analysis. Confocal laser scanning microscopy can be used 
in laboratory research to study the resin sealer/dentin interface of endodontically 
treated teeth (26). In comparison to scanning electron microscopy, confocal 
microscopy has the advantage of providing accurate information to determine the 
adaptation and distribution of sealers inside dentinal tubules in non-dehydrated 
samples through the use of rhodamine-marked sealers (26). Rhodamine dyes are 
fluorescent compounds or fluorophores used in low concentration and act as 
tracers to help identifying the path of a compound under a confocal laser scanning 
microscope (27). Fluorophores have specific excitation and emission wavelengths, 
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depending on the energy required for a photon to be absorbed and excite an 
electron of the fluorophore to a higher energy level (28). 
 Rhodamine dyes are used in the preponderance of literature studying resin-dentin 
interface (29). Rhodamine b isothiocyanate dye is a water insoluble version of 
rhodamine dye and it is extremely soluble in organic solutions such as primers, 
sealers and silane-coupling agents (30). The most intense emission peak of 
rhodamine B isothiocyanate dye is 595 nm and it is obtained when irradiated at 
maximum absorption of 570 nm emitting a strong red color (29).  
To date, no studies have been conducted to compare resin sealer 
penetration of dentin comparing the new final rinses with using EDTA, saline and 
chlorhexidine sequentially. The aim of this study was to directly assess the depth 
of sealer penetration into dentinal tubules following different final rinses using 
confocal laser scanning microscopy and to indirectly evaluate precipitation of these 
final rinses which could be also demonstrated by sealer penetration. Null 
hypothesis assumed no significant difference would be found in sealer penetration 
when using new final rinses or using EDTA and chlorhexidine sequentially. 
 
Materials and Methods 
Sample Size and Collection 
Abstract was submitted as Not Human Research (NHR) for the approval of 
the Institutional Review Board (IRB) at the Medical University of South Carolina. 
The project was accepted with approval record (PRO#45006). 52 freshly extracted 
human de-identified maxillary incisors were collected 10 days prior to the execution 
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of the study from the undergraduate sim lab at the Medical University of South 
Carolina - College of Dental Medicine. Teeth were cleaned, sterilized and stored 




 Teeth were accessed in an open system and canal length was assessed by 
placing a 15 K-file into the canal until it was flush with the root surface at the apical 
foramen, and then measured. Working length (WL) was established by subtracting 
1 mm from the measured instrument length. Canals were instrumented in a crown 
down technique up to a size 40/04 using Vortex rotary files (DENTSPLY Tulsa 
Dental, Tulsa, OK). Chlor-XTRA™ (Vista Dental Products, Racine, WI), a 6% 
sodium hypochlorite solution was used as the only irrigating solution during the 
entire instrumentation procedure. Sodium hypochlorite was applied between all 
instruments using a 30-gauge needle in 3 ml aliquots placed at 3 mm from WL 
over 1 minute. 
 
Randomization and Final Rinse Application 
Teeth were randomly divided into four groups (n=13) by drawing teeth from a 
bucket. The process of randomization was performed by a co-resident. Groups 
were allocated according to the final rinse as follows: 




2. Group 2: SmearOFF. 
3. Group 3: QMix. 
4. Group 4: negative control group in which saline was used as a final rinse. 
Each final rinse was applied using a 30-gauge needle in 3 ml aliquots placed at 3 
mm from WL over 1 minute. Due to the use of multiple solutions in the sequential 
group, the final rinse protocol was modified in this group to 1 ml aliquots placed at 
3 mm from WL over 20 seconds. This protocol was modified for the sequential 
group only, to ensure fair comparison with the other groups having a total volume 
of final rinse of 3 ml delivered over a 1 minute time interval for each tooth. Following 
final rinse application, canals were dried with 40/04 paper points. 
 
Obturation and Specimen Preparation 
A 40/04 master gutta percha cone fit was checked in each canal. 
ThermaSeal Plus RIBBON (DENTSPLY Tulsa Dental, Tulsa, OK) was the resin 
sealer used in this study. Resin sealer was expressed from the dual syringe onto 
a paper pad. Traces of rhodamine B isothiocyanate dye (Sigma-Aldrich, St. Louis, 
MO) were mixed with the resin sealer using a spatula until a homogenous mix was 
obtained. Sealer was introduced into the canal using a 40 K-file to WL. The master 
cone was coated with sealer and placed to WL. System B™ (OBTURA SPARTAN 
Endodontics, Algonquin, IL) was used to sear off the master cone 5 mm from WL. 
The apical gutta percha plug was compacted using endodontic pluggers. Calamus 
obturation unit (DENTSPLY Tulsa Dental, Tulsa, OK) was utilized for incremental 
backfill of the canals to the level of the orifice. Teeth were then sealed with cotton 
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pellets and Cavit™ temporary filling material (3M, St. Paul, MN). After 1 week, 
teeth were sectioned into apical, middle and coronal thirds using Isomet® diamond 
saw (Buehler, Lake Bluff, IL) under continuous water cooling at 3 (apical 
specimen), 6 (middle specimen) and 9 (coronal specimen) mm from the apex. 
Thereafter, the handling of the specimens was done in a dark room setting to 
prevent the degradation of the fluorescent dye. Polishing with sand paper and air 
blasting was performed and specimens were mounted on glass microscope slides 
using cyanoacrylate glue. The slides were then kept in a sealed box for imaging. 
 
Imaging 
 Specimens were examined under a confocal laser scanning microscope 
(Carl Zeiss LSM 510 Meta; Carl Zeiss Mikroskopie, Jena, Germany) at a 
wavelength of 570 nm and magnification was at 10X oil lens. Still images were 
captured with a resolution of 1,024 X 1,024 pixels using ZEN software (Carl Zeiss 
Inc., Thornwood, NY). Images were exported to Fiji ImageJ software (National 
Institute of Health, Bethesda, MD) for standardization, and measuring resin sealer 
penetration of dentin. Measurements were recorded using the measurement tool 
in ImageJ. Maximum depth of sealer penetration was measured in micrometers 
circumferentially at 4 locations (buccal, lingual, mesial and distal) for each 
specimen (Fig. 1). Mean sealer penetration of the four measurements was 
calculated, and was utilized to represent the sealer penetration. Finally, images of 
the same specimen were stitched together using the stitching plugin in ImageJ, for 
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Figure 1. Measurement of sealer penetration at (A) buccal, (B) mesial, (C) distal, 
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Figure 2. Illustration of middle thirds of (A) sequential, (B) SmearOFF, (C) QMix 







 The sample size of 52 teeth was finalized based on a power analysis 
performed prior to the study. Data were analyzed using a generalized linear model 





















(A) 0.0002 <0.0001 <0.0001 
Middle 
(M)  NS* 0.0097 0.0005 
Coronal 
(C) NS 0.0032 0.0028 
 
Figure 3. P values for comparison of all groups with the control. 



































Group Qmix had the highest mean depth of sealer penetration when compared to 
other groups (Fig. 4). 
 
  
EDTA + CHX SmearOFF Qmix Control 
A 283.15 ± 78.87 317.62 ± 56.42 351.54 ± 92.83 153.31 ± 57.89 
M 579.62 ± 119.73 686.85 ± 130.89 736.69 ± 94.91 515.62 ± 172.64 
C 808.85 ± 211.60 921.00 ± 136.12 924.38 ± 165.17 677.54 ± 152.99 
 
Figure 4. Mean depth of resin sealer penetration. 
 
When comparing maximum depth of penetration circumferentially, also group Q 
mix had the highest measurements of penetration in the apical (Fig. 5), middle (Fig. 






































Discussion and Conclusions 
 The present study demonstrated that the use of the new final rinses 
SmearOFF and QMix provided better sealer penetration of dentin than using 
EDTA, saline and chlorhexidine sequentially and the null hypothesis was rejected. 
However, there were no statistically significant differences in sealer penetration 
between SmearOFF and QMix. Bui et al, have shown the occlusion of dentinal 
tubules by the precipitation formed when sodium hypochlorite is mixed with 
chlorhexidine (31). Therefore, the results imply the presence of more patent 
dentinal tubules with negligible precipitation if any, when the new final rinses for 
endodontic irrigation are utilized. However, the components of these proprietary 
rinses are not disclosed so full understanding of their chemical reactions is yet to 
be discovered. Clinically, sealer penetration of dentin is valuable, as the sealer 
purportedly bonds to thermoplastic root- filling materials as well as root canal wall 
via the creation of hybrid layers in both substrates (32). Moreover, smear layer 
removal and sealer penetration into dentinal tubules may serve an important role 
by preventing re-contamination of the root canal system and depriving residual 
microorganisms of nutrient sources (33). On the other hand, some studies 
recommended the retention of the smear layer to entomb bacteria and bacterial 
by-products in dentinal tubules and prevent leakage into the root canal system by 
altering the permeability of dentinal tubules (34-38). A major limitation of the latter 
point of view, is that these studies were in vitro using dentin discs or root cross 
sections with questionable relevance in terms of simulating the microbiological 
clinical conditions (39). 
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Setting time of resin sealer is 8 hours (40). Adequate time should be given 
for complete setting of the material to prevent sealer penetration distortion. In our 
study, samples were kept in a light-proof sealed box to preserve the fluorophore 
and for 1 week to preserve the sealer penetration. Sealer penetration was higher 
in coronal and middle thirds of the root canal system when compared to the apical 
third and this is in agreement with previous studies (41). This can be attributed to 
the presence of dentinal tubules in greater densities in coronal and middle thirds 
versus the apical third (42). This study was conducted by a single operator to 
eliminate technical variables. However, the authors acknowledge that the 
extracted tooth model does not provide a uniform cross section of all samples 
which might have had an impact on the adaption of the root canal filling to canal 
walls and sealer penetration circumferentially. Randomization of samples was 
done in an attempt to minimize selection bias and the impact of heterogeneity of 
cross sections. The impact of the concentration of the fluorophore on sealer 
penetration of dentin is not studied in the dental literature. Moreover, rhodamine 
dyes have been widely used with no agreement of concentration or type of solvent 
used in research methodology (29). Some studies, specified the use 0.1% by 
weight (41, 43) and some other studies mentioned the use of traces or “few grains” 
(44, 45). Therefore, we suggest that further research should focus on the 
application of fluorophores in endodontics to come up with a standardized 
concentration that best suits endodontic sealers. 
 The authors of this study intended to establish a platform for comparison 
between the traditional endodontic final rinses and the more recent final rinses 
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available on the market, regarding sealer penetration and patency of dentinal 
tubules. Future studies are warranted to compare these new final rinses using 
various modes of sonic and ultrasonic activation, possibly providing deeper 
disinfection and sealer penetration. Long term outcome studies are also required 
to determine the success of non-surgical orthograde root canal treatments when 
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